Abstract: Three different brands of Rose hip (Rosa canina L.) tea were extracted with water, ethanol (EtOH), methanol (MeOH), and aqueous mixtures (50%, v/v) by ultrasound-assisted extraction (UAE) and Soxhlet methods. Total phenolic content was determined according to the Folin-Ciocalteu method. The results were presented by means of the extract yields and total phenolic contents, expressed in gallic acid equivalent (GAE) per g of dried matter (DM). The greatest amount of extract observed in tea samples was obtained by UAE through water with the value of 619.37 ± 0.58 mg/g DM. Regarding the phenolic content, the best result was achieved by the Soxhlet method through 50% MeOH mixture (59.69 ± 0.89 mg GAE/g DM), followed by the UAE method with water (48.59 ± 0.29 mg GAE/g DM).
Introduction
Oxidation is the most important process in aerobic life concerning energy production in the form of ATP. However, oxidation process in electron flow system may result in producing free radicals, known as reactive oxygen species (ROS). These ROS can cause membrane damage, protein modifications, and DNA damage [1] . Aerobic life has evolved antioxidant systems to suppress the unwanted effects of free radicals. Some of these antioxidants are produced in the body, and others are obtained
Experimental Section

Materials
Plant Material
Three different commercial brands of rosehip tea were purchased from a local market in Istanbul, Turkey. They were individually blended and stored at ambient temperature, in the dark, until use.
Chemicals and Reagents
Ethanol and methanol were provided by Merck and were of >99.5% and >99.8% mass fraction purity, respectively. Folin-Ciocalteu reagent, sodium carbonate, and gallic acid were purchased from Sigma-Aldrich, Steinheim, Germany. Eighteen milliomega deionized water from a Millipore Milli-Q water purification system was used to prepare mixtures analyses.
Methods
Ultrasound-Assisted Extraction
Ultrasound-assisted extraction was conducted in an ultrasonic bath (Protech, İstanbul, Turkey) with a frequency of 40 kHz, at 25 °C. Dried and ground plants and 10 mL of solvent were sealed in an Erlenmayer flask and placed into the bath. The mixture was centrifuged (CN 180, Nüve, Ankara, Turkey) at 5000× g for 25 min. After centrifugation, the supernatant was filtered through a 0.45 µm syringe filter and stored at −80 °C until analysis for the biochemical measurements. For the extract yields, the solvent was removed from a certain quantity of extract in a rotary evaporator (Buchi, Flawil, Switzerland).
Soxhlet Method
Ten grams of dried and ground plants were placed in a Soxhlet apparatus and extracted with 250 mL of solvent in a volumetric flask containing glass beads for 24 h. After extraction, the extract solution was filtered through a 0.45 µm syringe filter and stored at −80 °C until analysis of the biochemical measurements. For the extract yields, the solvent was removed from the extract in a rotary evaporator (Buchi, Flawil, Switzerland).
Total Phenols Determination
The concentration of the total polyphenols in extracts was measured by UV-spectrophotometry (Optima SP-300, Tokyo, Japan), based on a colorimetric oxidation/reduction reaction. The total phenolic content was determined according to the Folin-Ciocalteu method by the following procedure of Malik and Bradford [30] . Folin-Ciocalteu reagent was used as oxidizing agent. To 10 µL Folin-Ciocalteu reagent of extract, 190 µL of water was added. One milliliter of Folin-Ciocalteu reagent, and 800 µL of Na 2 CO 3 (75%, w/v) were added. The samples were incubated for 30 min. The absorbance was measured at 760 nm. The amount of total phenolic content was expressed in gallic acid equivalent per g of dried leaf (mg GAE/g dried matter). Calibration curves were calculated using pure gallic acid with different concentrations for each solvent system.
Statistical Analysis
Three replicate extractions were carried out for each of the samples followed by a minimum of three spectrophotometric measurements from each extract. Statistical analysis on the means of triplicate experiments was carried out using the ANOVA procedure of the InStat ® software, version 3.0 (GraphPad, San Diego, CA, USA). Tukey's test of significance between means was used for illustration of significance Table 1 presents the results, accounting for the effect of solvent type (EtOH, MeOH, water, and the aqueous mixtures of those solvents) on the extract yield and total phenolic content of each brand of rose hip tea (A, B, C) through UAE as a function of time. Both the extract yield and TPC of all solvent extracts increased steadily as a function of time. The mechanism of the UAE process here has two main stages. First, dissolution of soluble components on surfaces of the plant matrix occurs, which is also called "washing". Secondly, mass transfer of the solute from the plant matrix into the solvent by diffusion and osmotic processes, which is known as "slow extraction" [31] [32] [33] [34] . Washing occurs at the beginning of the extraction with a rapid increase. Generally, after 60 min, the slow extraction is observed by a low raise in both concentrations. Therefore, 90 min is accepted as the optimum time in this process, giving the equilibrium concentration of the extracted leaves ( Table 1) .
Results and Discussion
Influence of Solvent Type on UAE Efficiency Depending on the Tea Brand
The extract yield of UAE ranged from 37.56 to 619.37 mg/g DM through various solvent systems. While pure water as extraction solvent was distinguished by the highest level of extract yield, pure ethanol showed the poorest level of all the other solvent systems. With respect to influence of the solvent ratio, there was a high recovery of extract at high water quantities. As the alcohol content decreased, there was a rise in the recovery of the extract for both EtOH and MeOH mixtures. In regards to total phenolic content, the quantity changed between 2.25 and 54.85 mg GAE/g DM.
The results clearly showed that extract obtained by pure water had the highest total phenolic content, followed by aqueous MeOH extract. In addition, there was no significant difference (p > 0.05) between the values of phenolic content obtained by pure water and that of 50% MeOH solution (48. 42, 49.26, 47.34, 47 .91 and 48.59 mg GAE/g DM, respectively). Sultana et al. [35] also showed similar results to this study with different plant specimens.
Fifty percent alcoholic solutions showed much better performance than the pure alcohols, which is a result of water's altering of the plant structure by swelling the matrix, enabling the solvent to more completely penetrate the plants. Accordingly, water is acting as the plant-swelling agent, while alcohol is believed to disrupt the bonding between the solutes and plant matrices [36, 37] . Another explanation might be the high dielectric constant of water, which leads to an increase of polarity indices of alcohol with its water solution [38] . Table 2 indicates the influence of solvent type on the extract yield and total phenolic content of each rose hip tea extract obtained through the Soxhlet method. Selecting the solvent type is of great importance to extracting target compounds from plant material [39, 40] . A polar solvent is necessary to be able to extract polar phenolic compounds of plant extract [41, 42] . The extract obtained by pure water exhibited the highest yield with the value of 566.02 mg/g DM, whereas the lowest total phenolic was extracted by 50% EtOH solution, with the quantity of 153.35 mg/g DM. Daels-Rokotoparison et al. [27] investigated the extraction of rose hip, from France, using maceration at 40 °C in acetone/water solution, and achieved 197.24 mg extract per 100 g of dried rose hip. Table 2 . Extract yield and total phenolic content of extracts obtained by the Soxhlet method through various solvent percentages, depending on the tea brand The extracts obtained by pure water and EtOH shared the poorest yield, with the values of 13.24 and 14.46 mg GAE/g DM, which are not significantly different at p > 0.05 ( Table 2 ). The maximum total phenolic was extracted by 50% MeOH solution, with the quantity of 59.69 mg GAE per g of dried matter, showing approximately 4.5 times better performance than pure water and EtOH in terms of phenolic quantity. Although the extract yield obtained by water was the highest of all solvent systems, the MeOH mixture was more efficient, with respect to phenolic content, than that of water. This can be explained by the long overheating effect of the higher boiling temperature of water, which leads to phenol degradation through the Soxhlet extraction method. Gao et al. [26] studied rose hip fruits from Santiago, Chile using 50% ethanol solution, under shaking at 40 °C for 24 h. The total phenolic yield was found out as 62.79 mg GAE/g DM.
Influence of Solvent Type on Soxhlet Method Efficiency Depending on the Tea Brand
Szentmihá lyi et al. [43] investigated the extraction efficiencies of the UAE and Soxhlet methods using hexane as solvents with waste hip seeds from Rosa canina L. Their results showed the same tendency as those of the present study.
Conclusions
The differences in the extract and phenolic yields of three tea brands (A, B, and C) might be attributed to several agronomical and technological factors such as harvesting period, plant age, degree of ripeness, geographical origin, cultivar, phonological stage during sampling, moisture content, degree of contamination of soil, and industrial processes employed for grinding and storage, regardless of extraction method and solvent type.
Considering the health safety properties, UAE with pure water was found to be an efficient method to extract the polyphenols present in the plant teas.
Addition of water to alcohol improved the extraction of total phenolics, which is the result of water's swelling effect on the plant matrix.
It is generally known that high yield of extract is achieved by using the Soxhlet method, which is a result of higher operating temperature as well as longer extraction time and high solvent/plant material. The viscosity and density of the solvent decreases, leading to fast mass transfer at high temperature.
With respect to extraction methods, although high yields were achieved by the Soxhlet method, a general comparison between the Soxhlet method and UAE cannot be established, where UAE considers short processing time and low solvent consumption. The Soxhlet method could be disadvantageous from the point of product quality leading to target compounds with unpleasant aromas because of the long extraction time and high temperatures.
As far as this research is concerned, it is recommended that rose hip tea extracts should be investigated more comprehensively in terms of individual components involved in its structure for a potential source of food additives or supplements.
